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Preamble
The Victor Weisskopf Collegiate Professor of Physics and I
go ’way back - over 1/2 my life and almost 2/3 of Gordy’s.
More than most here, I imagine.

BA, Philosophy, U. Minn., 1958; a little time at MIT in
Physics; Francis Low sent him to Urbana; MS,U. Ill. 1961;
Ph.D., 1963.

Played an important role in “Classical Electrodynamics.”
    He insisted that I make a very thorough index !
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24 year old grad student Gordon
L. Kane, attending Gina and David
Hafemeister’s wedding, summer
1961

To show that Gordy did not initially
appear in full-blown supersymmetric
mode, I give you the first pages of
his Ph.D. thesis.
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Zeroth Theorem of the History of Science
What is it ?

A schoolboy’s translation is
“The zeroth theorem of the history of science reads
that a discovery (rule, regularity, insight) named after
someone, (often?) did not originate with that person.”
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Avogadro’s number (6.022 x 1023) was first
determined by Loschmidt in 1865 (although
Avogadro had found in 1811 that any gas at NTP had
the same number of molecules per unit volume)

Halley’s comet was known 100 years before
Halley’s birth (but Halley noted its appearance
at regular intervals and predicted correctly its
next appearance)

Olber’s paradox (1826) was discussed by Kepler
(1610), and by Halley and Cheseaux in the 18th
century.

And others . . . . .

Fischer, a German historian of science, cites some examples:
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Five Examples of the Zeroth
Theorem in Physics

Some may be familiar, some may not.
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    Example No. 1

     Lorentz Condition,  ∂mAm = 0,
             for the electromagnetic potentials

 Hendrik Antoon Lorentz,      1904

Ludvig Valentin Lorenz,        1867
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Let’s look at a little of Ludvig Valentin Lorenz’s paper :
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The equations (A) with k = 1 are the equations for the electric field in
terms of the potentials.  Below, the usual  expressions for the components
of the vector potential in terms of the retarded sources.

LVL understood the
equivalence of different
potentials

Retardation is important!
But Maxwell (1868)
objected to Lorenz’s
retarded potentials !
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After showing that his retarded potentials yield the known quasi-static
results, Lorenz proceeds toward differential equations for the fields.
Along the way he finds a relation between the potentials:

The Loren(t)z condition

which leads to the
wave equation for the
vector potential

He then arrives at the
Ampère-Maxwell equation
in component form.

12

Thirty seven years later, in 1904, H. A. Lorentz wrote two encyclopedia articles
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On page 157 of the second article, Lorentz introduces the
potentials into the Maxwell equations and arrives at wave
equations for the potentials, subject to the

Loren(t)z condition (2).

14

           Example No. 2

 Dirac delta function

Oliver Heaviside,                 1895
p1 , where  p =d/dt and 1 = Q(t)

Paul Adrien Maurice Dirac, 1930

d(x) = 0 if x ≠ 0 ,     ∫ d(x) dx = 1
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From 1894 to 1898, Oliver Heaviside was
publishing his operational calculus in The
Electrician.  In the issue of March 15, 1895
 he devoted a section to “Theory of an
Impulsive Current produced by a
Continued Impressed Force,”
In it was the following partial paragraph:
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Paul Adrien Maurice Dirac
published the first edition
of his famous text in 1930

Trained as an electrical engineer,
(B.Eng., Bristol, 1921), Dirac
would surely have been exposed
to Heaviside’s operational
calculus.

18

His discussion of the delta function varies somewhat from
edition to edition. Here are excerpts from the 3rd (1947).
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A little later, Dirac gives an alternative definition:

This definition is explicitly Heaviside’s starting
point:
                     e(x) = 1 ,    e¢(x) =  p1

And the descriptions in words of both are strikingly
similar (what else could they be?)

20

        Example No. 3

         Schumann resonances
  of the Earth-ionosphere cavity

  Winfried Otto Schumann,   1952

  Nicola Tesla,            (1900) 1905

  George Francis FitzGerald, 1893
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Schumann resonances ?

The Earth conducts electricity and so does
 the ionosphere, a plasma-like set of layers
 at altitudes above 60-100 km. The space
 between can be idealized as that between
 a perfectly conducting sphere of radius R
and a slightly larger perfectly conducting
shell. Electromagnetic waves exist in this
space.
Lowest mode ?
     n0  =  O(c/2πR) = 7.45 Hz
Correct answer ?
   n (n) = √n(n+1) n0 ;  n = 1, 2, 3,….

In real life, poor conductivity and ill-
defined boundaries yield resonances at
 n (n) ≈ 5.8 √n(n+1) Hz

Winfried Otto Schumann

22

Tesla applied for his patent in 1900; it was
granted in 1905.  Important excerpts follow:

Tesla does not know
about the ionosphere or
conduction in the
atmosphere.  He treats
the Earth as a perfectly
conducting sphere.
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Tesla seems to be thinking of
propagation through the Earth;
n = (2n+1)c/8R  ;
  ≈ 5.9 (2n+1) Hz

He is thinking of power
transmission, not radiation
into space, and so is keeping
the frequency down, 6 Hz
being the minimum.

The stated speed is v/c = π/2.
It makes the time taken over
the surface from pole to pole
equal to the time at speed c
along the diameter. Puzzling !

24

FitzGerald presented a paper at
the annual meeting of the British
Association in September 1893.

FitzGerald had the
proper model of the
resonant cavity.
He was off by √ 2
in the frequency.
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In the report of the BA meeting in the September 28, 1893 issue of Nature. 
the reporter notes that “Prof. G. F. Fitzgerald gave an interesting communication
 on ‘The period of vibration of Disturbances of Electrification of the earth.’”
He notes the following points made by FitzGerald:

1. “….. the hypothesis that the Earth is a conducting body surrounded by a 
non-conductor is not in accordance with the fact.  Probably the upper 
regions of our atmosphere are fairly good conductors.”

2. “….. we may assume that during a thunderstorm the air becomes capable 
of transmitting small disturbances.”

3. “If we assume the height of the region of the aurora to be 60 miles or 
100 kilometers, we get a period of oscillation of 0.1 second.”

In 1893 FitzGerald had the right model, got roughly the
right answer for the lowest mode, and had the prescience
to draw attention to thunderstorms, the dominant method
of excitation of Schumann resonances.

26

Example No. 4

Weizsäcker-Williams Method of Virtual Quanta

Carl Friedrich von Weizsäcker, 1934

Evan James Williams,      1934, 1935

Enrico Fermi,        1924
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In 1924, before Quantum Mechanics, Enrico
Fermi addressed the excitation of atoms in
collisions with electrons and energy loss of
charged particles in an novel way:

Zeitschrift für Physik, 29, 315-327 (1924)

28

“The electric field of a charged particle that passes by
an atom, when decomposed into harmonics, is
equivalent to the electric field of light with an
appropriate frequency distribution. It will be assumed
that the probability that an atom will be excited or
ionized by the passing particle is equal to the
probability for excitation or ionization through the
equivalent radiation. This hypothesis will be applied to
the excitation through electron collisions and to the
ionizing power and range of a-particles.”

A rough literal translation is

That first sentence describes a key ingredient of the
Weizsäcker-Williams method of virtual quanta.
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Nine years later, E. J. Williams discussed
the limitations of Fermi’s work in the light
of quantum mechanics. A year later, in Part
III of a Letter to Phys. Rev. (45, 729-730
(1934)), Williams said

Virtual quanta of nucleus
moving by electron in its rest
frame are Compton-scattered
to give bremsstrahlung. Hard
photons in the lab come from
 hw ~ mc2  in rest frame S¢.

E. J. Williams

30

Carl F. von Weizsäcker

Von Weizsäcker, in Z. f. Physik, 88, 612- 625 (1934),
 and in more generality by Williams, in “Correlation 
of certain collision problems with radiation theory,” 
Kgl. Danske Videnskab. Selskab Mat.-fys. Medd., 
XII, No.4, (1935), 

exploited special relativity to show that in very
high energy radiative processes the dominant
energies are- always of order of the light particle’s
rest energy when seen in the appropriate rest
frame.  The possible failure of quantum
electrodynamics at extreme energies posited by
Oppenheimer and others does not occur (muons!).

Fermi started it; Williams obviously knew of Fermi’s virtual
photons; he and Weizsäcker chose the right rest frames for
relativistic processes.  The “Weizsäcker-Williams method”
continues to have wide and frequent applicability.
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Example No. 5

BMT Equation for Spin Precession in E-M Fields

Valentine Bargmann, Louis Michel,
And Valentine L. Telegdi,        1959

Llewellyn Hilleth Thomas,       1927

32

A detailed 22-page paper to elaborate
on his short letter to Nature in 1926.
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         Bargmann        Michel Telegdi
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Equation of motion for particle of charge e

Thomas, 1927

BMT, 1959

For the spin motion, Thomas used both a spin 4-vector
w  and an antisymmetric second-rank tensor wµn.
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Equation for spin motion in external fields

Thomas, 1927

BMT, 1959

Here g = 2

BUT!! ( g≠2 )

36

Lorentz condition

Dirac delta function

Schumann resonances

Weizsäcker-Williams method

BMT equation for spin motion

The First
      versus
    The Famous

Lorenz

Heaviside

FitzGerald

Fermi

Thomas
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January 19, Kane’s birthday, 1937

b. 01.19. <1937

Happy
Birthday
Gordy !


